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Abstract. The Very Local Interstellar Medium (VLISM)
contains clouds which consist of partially-ionized plasma.
These clouds can be effectively diagnosed via high resolu-
tion optical and ultraviolet spectroscopy of the absorption
lines they form in the spectra of nearby stars. Among the
information provided by these spectroscopic measurements
is ξ, the root-mean-square velocity fluctuation due to turbu-
lence in these clouds, and T , the ion temperature, which may
be partially determined by dissipation of turbulence. We con-
sider whether this turbulence resembles the extensively stud-
ied and well-diagnosed turbulence in the solar wind and so-
lar corona. Published observations are used to determine if
the velocity fluctuations are primarily transverse to a large-
scale magnetic field, whether the temperature perpendicular
to the large scale field is larger than that parallel to the field,
and whether ions with larger Larmor radii have higher tem-
peratures than smaller gyroradius ions. Our approach is to
determine if the spectroscopically-deduced parameters such
as ξ and T depend on direction on the sky. We also con-
sider the degree to which a single temperature T and turbu-
lence parameter ξ account for the spectral line widths of ions
with a wide range of masses. Although a thorough investi-
gation of the data is underway, a preliminary examination of
the published data shows neither evidence for anisotropy of
the velocity fluctuations or temperature, nor Larmor radius-
dependent heating. These results indicate differences be-
tween solar wind and Local Cloud turbulence. Possible phys-
ical reasons for these differences are discussed.
1 Introduction
It is arguably the case that the best experimental data for
studying magnetohydrodynamic (MHD) turbulence come
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from spacecraft measurements of turbulent fluctuations in the
solar wind. The obvious advantage of solar wind turbulence
is that basic plasma physics measurements of vector mag-
netic field, plasma flow velocity, density, temperatures, and
even electron and ion distribution functions can be measured
in situ with spacecraft. The fluctuations in all of these quan-
tities have been extensively studied, a large literature written,
and major conclusions reached. Among the many reviews of
the subject is the monograph by Tu and Marsch (1995) and
the review article by Goldstein et al (1995).
Another nearby plasma with extensive diagnostics (al-
though not, as yet, in situ measurements) is the solar corona.
Our knowledge of the corona and its turbulence results from
high spatial resolution images, ultraviolet spectroscopy of
numerous transitions, and radio propagation measurements.
In addition, a sort of “ground truth” for coronal plasma mea-
surements is provided by spacecraft measurements at helio-
centric distances of 0.28 to 1 astronomical units, and beyond.
The coronal plasma is convected out into space and becomes
the solar wind. Among the many reviews of the coronal
plasma, two which are particularly relevant to the present
investigation are Cranmer (2002) and Bird and Edenhofer
(1990).
Measurements and observations of solar wind and coro-
nal turbulence provide the best data for testing our ideas on
the nature of MHD turbulence, and guide our thinking about
turbulence in other astrophysical plasmas. In fact, one could
contend that astronomers and astrophysicists, when consider-
ing astronomical processes which may be due to turbulence
(e.g. support of molecular clouds against their own grav-
ity, moderation of heat conduction in clusters of galaxies,
or instabilities in accretion disks) should begin with the as-
sumption that the turbulence of interest resembles the well-
observed turbulence in the solar wind.
In this paper, we discuss the degree to which the turbu-
lence which exists in one well-diagnosed plasma, the par-
tially ionized media which constitute the Local Clouds in
2 Spangler et al: Turbulence in Very Local ISM
the Very Local Interstellar Medium (VLISM), have proper-
ties similar to those of turbulence in the solar wind and solar
corona.
2 Main Characteristics of Solar Wind Turbulence
A list of the principal results on solar wind turbulence could
be long, idiosyncratic of the individual making the compila-
tion, or both. Four which we consider important and relevant
to the present investigation are as follows.
1. The fluctuations in magnetic field and plasma flow ve-
locity are primarily perpendicular to the large scale
magnetic field. This property also emerges from the-
ories of MHD turbulence, specifically quasi-2D tur-
bulence (Strauss , 1976; Zank and Matthaeus , 1992;
Spangler , 1999). Observational evidence for this prop-
erty comes from Bavassano et al (1982) and Klein et al
(1993). A summary and reference to other papers is
given in Tu and Marsch (1995). The clearest evidence
for these anisotropic, transverse fluctuations appears
in the high-speed solar wind (Bavassano et al , 1982;
Klein et al , 1993). Under such circumstances, the
“minimum variance direction” is very close to aligned
with the large scale magnetic field, and the magnetic
field variance in a direction perpendicular to the field
is several times larger than the variance of the compo-
nent in the direction of the large scale field. See Figure
2 of Bavassano et al (1982) for an illustration of these
results.
These characteristics are not universal in the solar wind.
As discussed by Klein et al (1993) and Tu and Marsch
(1995), the fluctuations are more isotropic in the slow
speed solar wind, and anisotropy and field alignment
deteriorate with increasing heliocentric distance. A dis-
cussion of the possible physical mechanisms for this
evolution is given by Klein et al (1993).
2. The irregularities (fluctuations in any plasma quantity)
are stretched out along the large scale field. This was
shown to be the case by Strauss (1976) for the case
of Tokamaks, and is now appreciated to be a general
property of MHD turbulence, at least when the ampli-
tude of the turbulence is modest. Among the best ob-
servational illustrations of this effect in an astrophysical
plasma are radio propagation measurements of the solar
corona, which show density fluctuations (presumably
passive tracers of the turbulent velocity fluctuations)
drawn out along the coronal magnetic field with an ax-
ial ratio than can exceed 10 (Armstrong et al , 1990;
Coles et al , 2003).
3. The interaction of turbulence with ions leads to perpen-
dicular (to the large scale magnetic field) temperatures
which are higher than parallel temperatures, or at least
larger than would be expected without effective perpen-
dicular heating (Cranmer , 2002; Kasper et al , 2009).
4. Interaction of turbulence with ions leads to temperatures
which depend on the ion species; ions with larger Lar-
mor radii have higher temperatures (Cranmer , 2002).
This is an observational signature of cyclotron res-
onance heating (Hollweg , 2008), and is more pro-
nounced in the corona than the solar wind, although it
can be found in both media.
3 Well-Diagnosed Plasmas Beyond the Solar System
Much of astronomy and astrophysics consists of the study of
plasma media beyond the solar system. In all cases the qual-
ity of the information on the plasma state in an astrophysical
medium is inferior to that available for the solar wind at the
orbit of the Earth. However, in some cases, the quality of as-
tronomical observations is sufficient to provide diagnostics
of the plasma which would be acceptable by plasma physics
laboratory standards. Two media which are particularly note-
worthy in this regard are the Diffuse Ionized Gas (DIG) phase
of the interstellar medium, which is believed to fill the largest
portion of the volume of the interstellar medium, and the Lo-
cal Clouds in the interstellar medium, which comprise the
closest samples of the interstellar medium.
3.1 The Diffuse Ionized Gas (DIG)
Approximately 25 % of the interstellar medium is filled with
a gas possessing a density of about 0.1 cm−3, a temperature
of ≃ 8000K, and a magnetic field of 3-4 µ G. This phase
of the interstellar medium is referred to as the Diffuse Ion-
ized Gas, or DIG. There are a number of diagnostics which
show the existence of this medium, and provide numbers
for its plasma properties. The most important of these di-
agnostics has been extremely high spectral resolution Fabry-
Perot interferometry of the Hα glow from the plasma, done
by dedicated instruments at the University of Wisconsin (for
a description of the most recent version of the instrument,
as well as references to previous literature and results, see
Haffner et al , 2003). Radio propagation measurements such
as pulsar dispersion measures and Faraday rotation measures
of extragalactic radio sources and pulsars also provide in-
formation. A somewhat old but still valuable review of our
knowledge of the DIG is given by Cox and Reynolds (1987).
From high resolution optical spectroscopic and radio prop-
agation measurements, we have been able to determine an
impressive number of plasma parameters in the DIG. These
include the electron density, the ionization fractions of hy-
drogen and helium, the electron temperature, the ion tem-
perature, the strength of the magnetic field as well as some
information on its spatial fluctuations, and insight into the
heating mechanisms which are operative.
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The properties of the plasma in the DIG phase of the inter-
stellar medium are listed in Table 1.
3.2 Local Clouds in the Very Local Interstellar Medium
(VLISM)
Another example of a well-diagnosed plasma medium be-
yond the solar system is that of the small clouds in the vicin-
ity of the Sun. These clouds are embedded within the Lo-
cal Cavity of the interstellar medium, and lie within a few
parsecs of the Sun. The Local Cavity is a region of low
gas density that extends for approximately 100 parsecs from
the Sun. “Tomographic” representations of this cavity, deter-
mined with similar observational techniques and undertaken
by the same group, are presented in Lallement (2003) and
Welsh et al (2010).
The presence of clouds in the Local Cavity is indicated
by non-stellar absorption lines in the spectra of nearby stars.
Reviews of the properties of these clouds are given by Frisch
(2000) and Redfield (2009).
The typical plasma properties of these clouds are given in
Table 1. Redfield and Linsky (2008a) have discovered 15
distinct clouds within 15 parsecs of the Sun. Comparison of
Tables 1 and 2 indicates that, at a local level, the DIG and
Local Clouds are somewhat similar. A possibly significant
difference is in the degree of ionization. In the DIG, the hy-
drogen is probably completely ionized, and neutral atoms are
restricted to partially ionized helium. In the Local Clouds,
the hydrogen is only about 50 % ionized. As a result, ion-
neutral collisional processes will be much more important in
the Local Clouds. For the remainder of this paper, we will be
concerned with plasma processes in the Local Clouds. We
will be particularly interested in properties of turbulence in
the Local Clouds, and the degree to which this turbulence
resembles, or differs from, that in the solar wind and solar
corona.
4 Turbulence Diagnostics from High Resolution Spec-
troscopy
It is at first remarkable that any information on turbulence in
the Local Clouds can be obtained from measurements of ab-
sorption lines in the spectra of background stars. The way in
which this can be done is as follows. Spectroscopic measure-
ments are made of the Doppler shift, column density, and line
width of the absorption lines. Redfield and Linsky (2004)
report measurements of absorption lines for as many as 8
transitions of neutral atoms and ions. The different atoms or
ions have different values of the atomic mass m.
With these measurements, they fit a model for the line
width as a function of atomic mass m of the following form.
b2 =
2kBT
m
+ ξ2 (1)
where b is the measured line width of a transition and ab-
sorption component1, T is the ionic or atomic temperature,
and ξ is the nonthermal broadening parameter. Equation (1)
states that the measured line width is a quadratic sum of
two Doppler shifts, the first due to thermal motion of the
atoms or ions, and the second due to atomic and ionic mo-
tions not attributable to thermal effects, and which are in-
terpreted as turbulent motions in which all species take part.
Redfield and Linsky (2004) show a comparison of the model
fit to the data for many absorption components and lines of
sight in Figure 1 of their paper. The quality of the fits is im-
pressively good.
To anticipate one of the main points of this paper, a coro-
nal astronomer or solar wind physicist would immediately
take issue with Equation (1), noting point (4) above that in
solar system media, different atoms and ions have different
temperatures. In Section 5.3 we will investigate the degree to
which a single, common temperature characterizes the Local
Clouds.
5 Does Turbulence in the Local Clouds Resemble that
in the Solar Wind?
From the data in Table 1 of Redfield and Linsky (2004), we
have measurements of T and ξ for 53 absorption components
along 32 lines of sight to nearby stars distributed around
the sky. In the remainder of this section, we consider what
these measurements can tell us about turbulence in the Local
Clouds, and the degree to which it resembles heliospheric
turbulence.
5.1 A Test for Transverse Velocity Fluctuations
We first consider whether the turbulence in the Local Clouds
possesses transverse velocity fluctuations, in which the fluid
motion is perpendicular to the large scale magnetic field.
The way in which this might reveal itself in the data of
Redfield and Linsky (2004) is shown in Figure 1. We as-
sume that one can define a large scale magnetic field which
is constant in direction over spatial scales which include all
of the Local Clouds. This direction is defined by the unit
vector bˆ ≡ BB . The scale of magnetic field uniformity should
be of the order 30 parsecs. For some lines of sight, we are
looking along this large scale field. In this case, the turbu-
lent motions will be primarily perpendicular to the line of
sight, and little turbulent line broadening should be observed
(ξ small). Other lines of sight will be perpendicular to the
large scale field, and the turbulent velocity fluctuations will
be along the line of sight. In this case, ξ will be large.
We now present a quantitative model for the dependence
of the turbulent line width ξ on direction on the sky. The
1Many lines of sight to nearby stars show different absorption
components at different Doppler shifts. The Doppler components
are interpreted as absorption in distinct Local Clouds.
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Table 1. Mean Plasma Parameters in Diffuse Ionized Gas (DIG) Phase of the Interstellar Medium
Plasma Parameter Value
electron density 0.08 cm−3
hydrogen ionization fraction ≥ 0.90
ion temperature 8000 K (typical)
magnetic field 3-4 µ G
Table 2. Mean Plasma Parameters of Local Interstellar Clouds
Plasma Parameter Value
electron density 0.11 cm−3
neutral density 0.1 cm−3
temperature 4000-8000 K (typical)
magnetic field 3-4 µ G (assumed)
A
B
Fig. 1. Cartoon illustrating model of the plasma in the Very Lo-
cal Interstellar Medium. We envision relatively dense, partially-
ionized clouds (indicated by the gray-shaded regions) embedded in
the lower density Local Cavity. The cavity and its clouds possess a
magnetic field which is relatively uniform in magnitude and direc-
tion (heavy lines) on a scale which includes all clouds found to date.
Turbulence in the clouds is magnetohydrodynamic and Alfve´nic in
nature, with velocity and magnetic fluctuations primarily transverse
to this large scale field. Lines of sight along the field (to star A)
should show relatively small turbulent broadening, whereas lines of
sight across the field (to star B) show should large values of turbu-
lent broadening.
turbulence model we want to test is one in which the fluctu-
ations in the plane perpendicular to bˆ are larger than those in
the direction of bˆ. A probability distribution function which
is simple in mathematical form and describes this is
f(v) =
(
1
(2π)3/2V‖V
2
⊥
)
exp(−
v2z
2V 2‖
) exp(−
v2x + v
2
y
2V 2⊥
) (2)
with V⊥ > V‖ by assumption. The z axis in Equation (2) is
in the direction of bˆ. The distribution function Equation (2)
satisfies the normalization requirement that
∫
d3vf(v) = 1.
The observed spectral line width is proportional to the rms
fluctuation in the component of the velocity along the line
of sight, which is in the direction of the unit vector lˆ. The
unit vector lˆ points in the direction of galactic longitude and
latitude (l, b). In what follows, we assume that the observed
turbulent width ξ can be expressed as
ξ2 =< v2L >=< v
2
L(vx, vy, vz) >=
∫
d3vv2L(vx, vy, vz)(3)
By expressing ξ2 as an expectation value, we assume that the
line of sight integration through the cloud samples a large
number of independent eddies in the cloud and thus satisfies
the ergodic theorem.
It is necessary to express the line-of-sight component of
the velocity in terms of the magnetic-field-oriented system
of coordinates, vL(vx, vy, vz). This is done by a set of Eu-
ler angle transformations which transform from the direction
of the large scale field bˆ to that of the line of sight lˆ. The
details of this transformation are given in Spangler, Savage,
and Redfield (2010, in preparation). The result of this calcu-
lation is the following expression for < v2L(vx, vy, vz) >, or
equivalently, the observed turbulent line width ξ.
< v2L >
V 2⊥
=
ξ2
V 2⊥
= 1− ǫ(sin b sinβ+cos∆l cos b cosβ)2(4)
Variables in Equation (4) which have not been previously de-
fined are (λ, β), the Galactic latitude and longitude of the di-
rection of the magnetic field, ∆l ≡ λ− l, and the anisotropy
Spangler et al: Turbulence in Very Local ISM 5
parameter ǫ ≡ 1 − V
2
‖
V 2⊥
. Isotropy of turbulence corresponds
to ǫ = 0, while ǫ = 1 means the velocity fluctuations lie in a
plane perpendicular to bˆ.
Equation (4) is convenient for describing how ξ depends
on position on the sky (provided (λ, β) were known; see be-
low), but a more instructive expression is in terms of the an-
gle A between the line of sight and the large scale magnetic
field, cosA ≡ lˆ · bˆ,
< v2L >
V 2⊥
=
ξ2
V 2⊥
= 1− ǫ cos2A (5)
The form of ξ
2
V 2⊥
as function of A for various values of ǫ is
shown in Figure 2.
0.0 0.5 1.0 1.5
A
0.2
0.4
0.6
0.8
1.0
Ξ2
V2
Fig. 2. Expected dependence of the square turbulent line width (nor-
malized by the turbulent velocity amplitude) ξ2
V 2
⊥
as a function of di-
rection on the sky. The abscissa is the angle A (in radians) between
the line of sight and the direction of the local interstellar magnetic
field. The three curves correspond to values of ǫ = 0 (solid line),
0.2 (dashed line), and 0.5 (dotted line).
An analysis based on Equations (4) and (5) is complicated
by the fact that we do not definitely know the direction of the
large scale field, bˆ, although there are independent estimates
for this direction (Gurnett et al , 2006; Opher et al , 2009).
For the present, we can ask if there is any direction in the
sky for which the turbulent velocity broadening data adhere
to the form of Equation (5). We are presently carrying out an
analysis of the data given in Redfield and Linsky (2004) to
answer this question. However, a preliminary conclusion is
provided by Figure 9 of Redfield and Linsky (2004), which
plots the derived values of ξ on a map of the sky. This figure
shows no obvious way in which the ξ data could be organized
as indicated by Equation (5). That is, there are no clear poles
characterized by low values of ξ, with a corresponding band
across the sky with larger values of ξ. Instead, there appear
to be random variations of ξ values about a mean value.
Although a more definitive result will be available af-
ter we complete our quantitative analysis of the data in
Redfield and Linsky (2004), at the present we can say that
there is no strong evidence for anisotropy of turbulent ve-
locity fluctuations in the Local Clouds, as would occur if the
turbulence is transverse in the sense of solar wind turbulence.
5.2 A Test for Enhanced Perpendicular Ion Heating
We can also examine whether the thermal temperature T de-
pends on direction on the sky, as would be expected if the
temperature perpendicular to the large scale magnetic field
were larger than that parallel to the field. Formulas similar
to those presented in Section 5.1 should hold in this case as
well; in both cases the quantity considered (< v2L > or T)
corresponds to the second moment of a velocity distribution
function. In the case of the turbulent velocity fluctuations,
the expression Equation (2) was adopted as a model. In the
case of the temperature, a Maxwellian should be an exact
expression.
We then ask if the ion temperature measurements show
a dependence on direction on the sky similar to Equation
(5). We are presently carrying out a quantitative analysis
of this point as well. However, a preliminary and qualita-
tive answer is provided by the results in Redfield and Linsky
(2004). Figure 8 of Redfield and Linsky (2004) shows the
retrieved ion temperature T as a function of position on the
sky for the 53 absorption components. The values appear
to show random fluctuations about a mean value. The agent
responsible for these variations from one line of sight to an-
other is unknown, but the variations do not seem to be of the
form in Equation (5). We conclude that there is no evidence
for departure of the ratio T⊥T‖ from unity in these clouds.
5.3 A Test for Mass-Proportional Ion Heating
The final issue we wish to consider is whether the plasma
medium of the Local Clouds shows a dependence of ion tem-
perature on ion mass, as is strongly the case in the corona,
and to a lesser but significant degree in the solar wind. As
noted in Section 2, this is an indicator of ion cyclotron res-
onance effects in the interaction between turbulence and the
particles which make up the plasma.
The results of Redfield and Linsky (2004) are consistent
with a single temperature for all species, and show no evi-
dence for the presence of ion cyclotron resonance heating.
The basis of this statement is the good agreement of the line
width data for as many as 8 transitions with the formula in
Equation (1). This expression features a single temperature
for all species. The fits of Equation (1) to the spectral line
width data are satisfactory in the sense of the value of the re-
ducedχ2 statistic of the fit to the data. In this case, there is no
basis or justification for considering a more complex model
for the ion temperature, and thus line width, as a function
of ion mass. If sufficiently strong, ion-specific heating were
occurring, it would be impossible to obtain a satisfactory (in
the sense of the reduced χ2 statistic) fit of Equation (1) to the
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data. The interested reader should examine the many such
fits in Figure 1 of Redfield and Linsky (2004); it is striking
how well Equation (1) fits the data.
We are presently in the process of testing the degree to
which a departure from Equation (1) is allowed by the data.
As a simple model which incorporates ion-mass-specific
heating, we are using the expression
b2 =
2kBT0
m
(
m
m0
)d
+ ξ2 (6)
This model has three parameters (T , ξ, and d) instead of the
two parameters of Equation (1). The parameter which de-
scribes ion-mass-proportional heating is d; it describes the
way the ion temperature could depend directly on the ion
Larmor radius, and thus the ion mass. The approach used in
our analysis is to undertake a set of fits of Equation (6) to the
data presented in Redfield and Linsky (2004), and determine
the maximum value of d which allows an acceptable value of
the reduced chi-square χ2ν . This work is in progress.
As a final point, there is a result emergent from the data
and analysis of Redfield and Linsky (2004) which is strange
to a plasma physicist. The consistency of the same temper-
ature T for several transitions is not only the case for ions
of different masses (and thus Larmor radii), but also for both
ions and neutrals. The lines used by Redfield and Linsky
(2004) include those from neutral atoms as well as ions.
This indicates that plasma physics processes such as plasma
wave-particle interactions, which consist of the response of
charged particles to the electric and magnetic fields of plasma
waves and turbulence, and which can act only on ions and
electrons, are unimportant in the Local Clouds. Alterna-
tively, these processes could be present, but are hidden by
other, competing processes such as ion-neutral collisions,
which rapidly redistribute energy injected in one ion species
to both ion and neutral species.
6 Discussion
Given the assumptions and models assumed in our analy-
sis, we conclude that the turbulence in the partially-ionized
plasma of the Local Clouds differs in important respects from
that in the solar corona and solar wind. The discussion above
would indicate that this turbulence is not anisotropic with re-
spect to the large scale interstellar magnetic field, but instead
is isotropic, does not show a temperature anisotropy in which
T⊥ > T‖, which is an indication of ion-cyclotron resonance
in the interaction of turbulence with charged particles, and
does not show a dependence of temperature on ion mass,
which is also a characteristic of ion cyclotron resonance ef-
fects. Taken at face value, these results point toward diversity
in the properties of interstellar turbulence, and suggest that
turbulence properties that are sometimes assumed universal
because of their prominence in solar wind turbulence might
be special cases.
However, in the remainder of this paper, we wish to dis-
cuss some qualifications and reservations to the previous
statements. It is possible that the properties of solar wind
turbulence discussed in Section 2 are indeed present in the
Local Clouds at a local level, but are disguised in the path-
integrated measurements of Redfield and Linsky (2004).
The search for anisotropy of the turbulence, and for a high
perpendicular-to-parallel temperature ratio, were both pred-
icated on an ordered, unidirectional magnetic field over the
spatial volume occupied by the clouds, as illustrated in Fig-
ure 1. This assumption does not preclude the possibility that
the interstellar magnetic field is turbulent. The local field
includes both a true, galactic-scale component as well as a
turbulent component. However, we assume that the vector
sum of these two components remains approximately unidi-
rectional on a scale larger than the distribution of clouds. If
this assumption is strongly violated, so that the field is ran-
domized on a length scale much smaller than the diameter of
the system of clouds (approximately 30 parsecs), the obser-
vational results described in Sections 5.1 and 5.2 would be
obtained even if the local turbulent motions are transverse to
the local magnetic field, and if locally T⊥ > T‖.
The resolution of this question depends on the value of the
outer scale of turbulence in the VLISM. If the outer scale is
smaller than about 30 parsecs, the field would have differ-
ent directions in the different clouds. There are estimates of
the outer scale in the interstellar medium, but this quantity
is not known with high confidence. Minter and Spangler
(1996) reported evidence for two outer scales in the DIG,
an outer scale to a fully three dimensional turbulence with
a value of about 4 parsecs, and a larger scale of about 100
parsecs for larger, but 2-dimensional eddies. Since most of
the power in the magnetic field fluctuations is on the larger,
∼ 100 parsec scales, the Minter and Spangler (1996) result
would qualitatively support the magnetic field model we have
adopted here. However, a quantitative modeling of the ef-
fect of averaging over the random orientations permitted by
Minter and Spangler (1996) should be done to fully address
this point.
The scales of turbulent fluctuations in the interstellar mag-
netic field have been investigated more recently by Marijke
Haverkorn and colleagues, again using the technique of Fara-
day rotation (Haverkorn et al , 2004a,b, 2006). Haverkorn
and her group have utilized both measurements of polariza-
tion of the galactic nonthermal radiation (Haverkorn et al ,
2004a,b) as well as Faraday rotation of extragalactic sources
(Haverkorn et al , 2006). Haverkorn et al (2006) report a
difference in the power spectrum of magnetic fluctuations be-
tween spiral arms and interarm regions of the Milky Way.
Their estimates of the outer scale in the spiral arms (pre-
sumably relevant to the Very Local Interstellar Medium)
range from 2 - 17 parsecs; Haverkorn et al do not distin-
guish between fully three dimensional turbulence and pos-
sible composite turbulence consisting of fully three dimen-
sional eddies on small to intermediate scales, and two di-
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mensional, planar turbulence on large scales, terminating in
a global outer scale. If the global outer scale in interstel-
lar turbulence is as small as the 2 - 17 parsec range sug-
gested by Haverkorn and colleagues, it seems probable that
the interstellar magnetic field would be sufficiently random-
ized across the Local Clouds to invalidate our assumption of
constant magnetic field direction bˆ, and eliminate the depen-
dence of the turbulent width ξ on position on the sky given
by Equation (5), even if locally the turbulence is transverse
to the magnetic field. The same conclusion would apply to
the dependence of the ion temperature T on sky position.
An obvious point, which is nonetheless worth recall-
ing, is that the results of Minter and Spangler (1996),
Haverkorn et al (2004a,b) and Haverkorn et al (2006) are
averages over large volumes of the interstellar medium.
There is no guarantee that those turbulence characteristics
apply to the Local Clouds or the VLISM.
Small scale (outer scale ≤ 15 parsecs) randomization of
the local interstellar magnetic field would explain the ab-
sence of the coronal/solar wind properties discussed in Sec-
tions 5.1 and 5.2 above. However, it would not eliminate
the observational evidence for ion-mass-dependent tempera-
tures, if such were present locally. While this question will
be addressed more fully in our report in progress, it seems
highly plausible that this result is due to the greater colli-
sionality of the Local Clouds relative to the solar wind, and
even more, the corona. As noted above, the hydrogen in
the Local Clouds is apparently about 50 % neutral, meaning
ion-neutral collisions between protons and hydrogen atoms
may be an important process in distributing energy among
species, and eliminating phase space features such as tem-
perature anisotropies. Nonetheless, we consider our results
interesting, because the cyclotron periods for all ions of inter-
est are much shorter than the ion-neutral collision timescale
in the Local Clouds, so the results of Section 5.3 seem to ex-
clude the possible presence of highly vigorous plasma kinetic
processes operating on ion Larmor radius scales.
This area of investigation will benefit from additional re-
search, made possible by additional, similar quality data on
more lines of sight. One of us (SR) has a program in progress
with the repaired STIS (Space Telescope Imaging Spectro-
graph) spectrograph on the Hubble Space Telescope. These
observations will provide FeII and MgII line width measure-
ments (crucial for separating the thermal and turbulent con-
tributions to the line widths) on lines of sight presently lack-
ing such data. The new data should expand the number of
lines of sight probed through the Local Clouds, and facilitate
progress on understanding the turbulence in these clouds.
7 Conclusions
1. Multi-transition measurements of absorption line
widths due to the Local Clouds provide information
about the properties of turbulence in those clouds, and
permit inferences about the similarities of this turbu-
lence to that in the solar wind.
2. We assume that the very local interstellar magnetic field
is uniform in direction over a scale large enough to in-
clude the 15 clouds discovered by Redfield and Linsky
(2008a). If this is the case, an anisotropy in the veloc-
ity fluctuations, in the sense of being perpendicular to
this magnetic field, should map into dependence of the
turbulent line width on position on the sky.
3. In similar fashion, if there is an anisotropy in the ion
temperature, such that the perpendicular temperature
exceeds the parallel temperature, the inferred thermal
broadening of these absorption lines should depend on
sky position.
4. Neither of the aforementioned two properties seem to
be present in a casual examination of published data,
although a more detailed quantitative analysis is war-
ranted and is in progress.
5. Finally, the data for the Local Clouds can be examined
for a dependence of the ion temperature on ion mass,
such as is commonly seen in the solar corona and solar
wind. This property appears to be absent for the Local
Clouds.
6. We conclude that the turbulence in the Local Clouds
may differ in important ways from that in the solar
corona and the solar wind. The existence of a relatively
small (less than or of the order of a few parsecs) outer
scale in the Local Cloud turbulence could essentially
“disguise” solar wind turbulence properties in the data
set we have used. If the outer scale is comparable to or
larger than several tens of parsecs, there appears to be a
genuine difference in the degree of anisotropy. The ab-
sence of a mass dependence to the ion temperature may
be due to the higher collisionality of the Local Clouds
relative to heliospheric plasmas.
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